irrigation levels decline and dryland acreage in-
The purpose of this section is to briefly review prior incorporation of risk into the analysis would be soil conservation research as well as to identify those worthwhile in evaluating erosion control economics. studies that link soil conservation decisions with Given this suggestion, a study by Kramer, Mcrisk-averse preferences or commodity program proSweeny, and Stavros used a single period quadratic visions. While this is not an exhaustive review of the programming model to determine optimal crop serelevant literature, it does provide a basis to begin to lection and erosion levels given uncertain net reveaddress farm level soil conservation incentives given nues and days suitable for field work. They found the transition to dryland crop production on the that risk-averse preferences in crop mix selection Texas High Plains.
resulted in higher levels of per-acre soil loss. This Burt (1981) used control theory to evaluate the response was apparently due to an increase in the farm level economics of soil conversation. As Burt proportion of soybean acreage. In another study, pointed out, the concern with soil conservation deSegarra, Kramer, and Taylor evaluated the impact of cisions centers on the change in productivity over probabilistic soil-loss constraints on firm-level decitime at a given site. In Burt's study, two state varisions. They indicated that soil loss follows a probables were defined to describe the soil resource in ability distribution that should be considered in an the Palouse region. The two variables were depth of analysis of soil conservation policy. topsoil and the percent of organic matter in the top A final area of previous literature that merits resix inches of the soil profile. He concluded that the view pertains to the interaction of government comapproximate optimal decision rule is very accurate modity programs and conservation policy. This is an in soil conservation applications because of the slow area that has received much attention in recent years. and smooth change in the state variables over time.
Ervin, Heffernan, and Green examined the effiBurt also concluded that the particular results deciency and distributive effects of cross-compliance rived in the Palouse cannot be readily extrapolated for erosion control. They indicated that cross-comto other regions of the country. This is especially the pliance is likely to benefit larger farms and high-eqcase for the low organic sandy soils of the Texas uity firms relative to smaller or more highly Southern High Plains.
leveraged operations. Cross-compliance may proMiranowski applied a multiple-period linear provide the greatest economic incentive for erosion gramming model to evaluate optimal tillage praccontrol on land for which the net social benefits may tices and crop rotation selection for a watershed in be small compared to those on more erosive land. Iowa. He found that under increasing crop price Hoag and Young used simulation analysis to evaluexpectations, the market system should provide inate the impact on net returns and risk of various centives for producers to adopt farming practices commodity and conservation programs. As they that are more conservation oriented. One limitation noted, commodity programs have been criticized for of this particular study is that it did not explicitly encouraging crop production on highly erodible land account for commodity program provisions that afto sustain base acreage and provide a low-cost fect relative crop prices and crop rotation selection.
source of land to idle under different acreage reducTaylor and Young estimated the effect of watertion programs. In their farm level study, Hoag and based erosion on crop yield given technological Young evaluated three farm program scenarios. progress. They indicated that a dual penalty exists in These scenarios included nonparticipation by the the future resulting from current soil erosion. The producer in either commodity or conservation profirst penalty is a direct reduction in future yields as grams, historic commodity programs, and historic topsoil depth is depleted. The second penalty is a commodity programs with the Soil Conservation reduction in the future benefits stemming from techAct provisions of 90 percent cost-sharing and a nological improvements on eroded soil versus the cropland base-acreage protection option. The results improvements on less eroded soil.
from their study indicated that commodity programs An alternative approach for assessing soil conserincrease net returns above nonparticipation as well vation benefits was the development of an ecoas reduce net return risk. A cropland base acreage nomic-based erosion damage function by Walker. protection program can significantly reduce the cost The damage function in this case related crop yield of land retirement and hence erosion control. to topsoil depth in the Palouse. While the erosion In one of the few studies on wind erosion, Huszar damage function could be generalized to consider estimated the off-site cost of wind erosion in New multiple crop rotations, it is likely that additional soil Mexico. He found that the off-site cost of wind properties would need to be included to evaluate erosion appears to be a decreasing function of the conservation benefits in other regions of the country. erosion rate. Results from the 1982 National ReIn a concluding comment, Walker indicated that sources Inventory revealed that wind erosion ac-204 counts for 37 percent of annual total soil erosion in conditions in that year, but also the soil moisture the U.S. However, previous economic research on condition from the previous year. Unlike single crop soil conservation and erosion control has focused simulation models, EPIC is capable of simulating extensively on water-based erosion as measured by multi-year/multi-crop rotation. This framework was the Universal Soil Loss Equation (USLE). The necessary to account for soil erosion due to the wind USLE is a predictor of gross soil movement. were combined with stochastic crop yields to estigrammming models in representing the complex intermate net present value distributions for each cropaction through time of soil erosion on crop yields and ping system. farm income.
A daily time-step crop growth simulation model Themean-variancemodelling frameworkhasbeen known as EPIC (Erosion Productivity Impact Calcucriticized in the past for placing undue restrictions lator) was calibrated and used to estimate crop yields on the problem compared to the expected utility and soil erosion under 10 randomly generated 48-criteria. Typically stated, these restrictions require year weather patterns (Williams, Renard, and Dyke) .
that the agents' utility function be quadratic or that The crop growth parameters and wind erosion comthe random alternatives be normally distributed. ponents of EPIC were calibrated with crop growth Meyer has shown an additional theoretical condition data and wind erosion events in the region (Zobeck which is sufficient to ensure consistency between the and Fryrear). The components of EPIC include expected utility approach and mean-variance apweather simulation, hydrology, erosion-sedimentaproach. This condition, known as location and scale, tion, nutrient cycling, tillage, soil temperature, plant maintains that two cumulative distribution functions growth, economic accounting and plant environ-F(x) and G(x) are said to differ by location ( a ) and ment (Williams, Renard, and Dyke) .
scale ( p) if F(x) = G(a+px) where P>0 . For this study, the EPIC model simulated irrigated
The location and scale condition is automatically and dryland crop production for 12 cropping systems satisfied with the structure of the MPRQP model on an Amarillo soil type in Dawson County, Texas.
given random crop prices and stochastic crop yields. The Amarillo or sandyland type soils account for An extension of Sandmo's model of the competitive approximately 50 percent of the 4.12 million cropfirm can serve t illustrate this condition. Sandmo's land acres on the Southern High Plains (U.S. Departmodel of the competitive firm that faces price uncerment of Agriculture). The crop rotations, irrigation tainty can be expressed as: levels, and tillage practices simulated were based on interview information from Texas Agricultural Ex-
(1) X -C(X) -B periment Station scientists in the region. Each cropwhere n is profit, P is random price, X is output, ping system was subject to the same 10 random C(X) is variable cost, and B is fixed cost. This model 48-year weather patterns. Output from each simulacan be redefined to satisfy the location scale condition gave temporal estimates of crop yield by rotation tion as well as erosion from wind and water. Due to level model can be expanded to consider two sources sprinkler irrigation regimes ranged from a preplant of risk as follows:
plus three post-plant irrigations to a single post-plant (3) Xt 
application. There were 12 critical water periods where n is whole-farm profit, P is randomly correselected for each production season. Thus, a total of lated crop price, X is stochastic per-acre yield, A is 72 critical water periods were identified to account acres, C[A] is per-acre variable cost of production, forintra-seasonal and inter-seasonal competition for and B is fixed cost. This particular structure also irrigation water among the various cropping systems satisfies the location and scale condition:
over the six-year planting horizon. Each critical
water period consisted of a 10-day pumping interval. Meyer provides a more detailed explanation of the Additional resource constraints were necessary to Meyer provides a more detailed explanation of the location and scale condition which, if satisfied, enevaluate base-acreage requirements under current farm program provisions. Interview information sures the consistency between mean-variance and o o infr n .he .xpecte utiliyfrom Dawson County A.S.C.S. personnel provided the expected utility approach.
information on county-wide base acreage and farm The objective function of the MPRQP model was program yield by crop. These values were disaggrethe maximization of discounted net present value gated to the firm-level model. The MPRQP model subject to a marginal utility weighted variance-cowas initiated at 1,200 total acres with a cotton base variance matrix of net present values. The disof 1,125 acres, a sorghum base of 27.2 acres and a counted net present value associated with each crop wheat base of five acres. A lease-land option in the rotation represents the mean of stochastically genermodel allowed for expansion of cropped acres on a ated crop yield and output price minus the variable 160-acre parcel basis with assumed proportionate cost of production over a six-year time period. A real commodity base. discount rate of 5 percent was assumed in this analyThe al set of temporal production constraints sis. The variance of each system and covariance with consisted ofsoil erosionlimits. Themean ofstochasother cropping systems were calculated using the tically generated wind erosion for each cropping discounted net present values from each of 10 ransystem was used as a technical coefficient to evaludom weather patterns. The following is a matrix ate optimal cropping selection and discounted net formulation of the MPRQP model:
returns given potential conservation compliance MAX CS -() X'QX provisions. Unlike the Universal Soil Loss Equation S.T. AX < B (USLE) which predicts gross soil loss, EPIC is ca-(5) DX -EW <0 pable of predicting net wind erosion for a given W <V cropping system. Depending upon soil type, topography, climate, and crop production technology, net FX •Z soil loss due to wind may be a more appropriate where X is a vector of multi-year cropping system measure of sustainable crop productivity (i.e., talternatives, C is a vector of mean discounted present value) compared to a gross predictor of soil movevalues by system, ( is the Pratt Risk Aversion Coefment. Gross predictors of soil movement may not ficient scaled to present values at the whole-farm accurately account for changes in soil physics due to level, Q is a variance/covariance matrix of diswind erosion. Two annual net soil loss constraints of counted present values, A is a matrix of variable six and nine tons per acre were evaluated for the inputs and resource requirements, B is a vector of Southern High Plains representative farm. resource endowments, D is the matrix of plant irrigation water requirements across all cropping sys-RISK AVERSE PREFERENCES ters over a six-year time period, W is a matrix of Kramer, McSweeny, and Stavros indicated that water requirements for each 10-day pumping interrisk attitudes can affect the adoption of soil conservval, E is a vector of pumping efficiencies, V is a ing practices. In their study, risk aversion implied vector of pumping capacity by 10 day intervals over crop mixes with greater levels of per-acre soil loss. six years, F is farm program base-acreage requireTo evaluate optimal crop mix decisions and wind ment by crop within each cropping system, and Z is erosion implications, the non-linear objective funca vector of farm program base acreage by crop for tion of the MPRQP model involved the maximizathe farm.
tion of discounted mean net present values less a Eighty-two production activities were included in PRATT risk aversion coefficient times the variancethe formulation of the MPRQP model. These activicovariance of expected net present values for all ties consisted of 12 cropping systems evaluated uncropping systems. A real discount rate of 5 percent der six irrigation regimes and a dryland option. The was assumed for this analysis. 206
The discounted net present value and variance net present values and corresponding variance-cofrom the linear programming solution of the variance matrix of net present values for all cropping MPRQP model were retained to estimate different systems was read into the model. These values were risk aversion levels. A maximal risk aversion coeffibased on six years of simulated crop yield data under cient was derived by setting the following certainty ten randomly generated weather patterns and stoequivalent formula equal to zero and solving for r(x): chastic crop price for each cropping system. Upon (6) CE =-1 2r (x) solution, optimal values of resource use and the 2( discounted present value over the six-year period where gt is the discounted net present value and a 2 were retained and used to update economic costs and resource availability in the subsequent six-year peis the variance from the optimal linear programming rso e availability in the subsequent six-year period. A new vector of adjusted objective function model. The maximal risk aversion coefficient was v a i cor esondin vaiacecovaianct multiplied by 25 percent increments to develop three vas a it corresponding variance-covariance risk aversion classes. The three classes represent it e p rl slightly risk averse (SRA:r(x) = .0000032), modersix-year period. This iterative procedure was repliately risk averse (MRA: r(x) = .0000064), an -cated eight times to develop a cropping pattern setremely risk averse (ERA: r(x) = .0000096). The lection and path of resource utilization over a tremely risk averse (ERA: r(x) = .0000096). The final case considered is a risk neutral (RN: r(x) = 0) 48-year planning horizon scenario. RESULTS
RECURSIVE FORMULATION
The results presented in this section focus on three main issues. The first issue relates to the likely path A set of equations was developed to extend the mA set of equations was developed to extend the of transition from irrigated to dryland crop producmulti-year model through eight recursive cycles. tion for roducer under three farm tion for a risk neutral producer under three farm Because groundwater depletion and soil degradation . e r program assumptions. Associated with the transitend to be long-term phenomena, a recursive structo ror mp tions c b ss sed. Te tion, resource implications can be assessed. The ture was necessary to consider intertemporal adjustseconissuerelatethepotentialimpactof asoilloss ments in water availability and wind erosion impacts limiton net returns during thetransitionprocess. The on crop productivity. The recursive formulation does third issue is how risk averse preferences in crop not identify the optimal long-run rate of groundwater selection affect the rate of soil erosion under current extraction or soil depletion for a producer over the comodity programs. 48-year planning horizon. Rather it was designed to a i evaluate producer adjustments to declining groundturns by iteration for each of three assumptions water availability and changes in crop productivity regarding individual farm program participation. regarding individual farm program participation. The first series of recursive equations adjusted
The first case designated as "farm prog" refers to saturated thickness, pumping capacity, well yield, farm program participation under 1986-1987 baseand per-acre-inch pumping costs in period t+ 1 based acreage restrictions and base yield for the repreon groundwater extractions in period t. Due to limsentative farm. The second case is termed "flexible ited recharge of the Ogallala, the cost of pumping base." Under this assumption, base acreage between water during a given time period is dependent upon crops was relaxed to evaluate crop rotation selection. initial groundwater conditions and previous pumpThe final case, "nonpart," assumed that the individing decisions. Discounted net present values for each ual chose not to participate in the farm program. In irrigated cropping system in period t+1 were recalall cases evaluated, the discounted net returns deculated using adjusted pumping costs predicted for dined over the 48-year planning horizon by 26 to 42 time period t+ 1. A second recursive equation deterpercent depending upon farm program assumption. mined the amount of loanable funds available to the This decline was due to reduced profitability of representative farm in a given year. A lender's reirrigated cotton caused by an increase in pumping sponse function estimated by Sonka, Dixon, and costs and declining well yields. The optimal crop Jones was assumed over each six-year simulation mix under farm program participation was domiperiod. The firm's leverage ratio and equity were nated by continuous cotton. For the nonparticipant, adjusted after each iteration (six-year period) to dethe majority of planted acres were in a dryland velop new estimates of borrowing capability. The continuous wheat system. The path of net returns updated loan amount was used as a maximum value under flexible base was greater than the farm proin the capital requirements constraints.
gram scenario over the 48-year planning horizon. The general operation of the MPRQP model conUnder flexible base, wheat and sorghum were insisted of the following steps. A vector of discounted itially shifted to cotton production. In the later peri-207 ods, the cropping pattern for flexible base was preeconomic incentive not to participate in the farm dominately a dryland cotton-wheat-sorghum rotaprogram. This is not the case with the flexible base tion.
option. With flexible base, the producer could adopt Groundwater and soil represent two major reprofitable crop rotations that would comply with sources available to a typical High Plains farm.
either the six or nine tons per acre limitation. These Cropping system selection and farm program proviresults indicate that a flexible base option would be sions can dramatically affect rates of utilization of necessary to maintain farm income if these types of both resources. Cumulative estimated wind erosion soil loss limits were enforced under the conservation resulting from optimal temporal crop selection by compliance program. farm program assumption is illustrated in Figure 2 .
An extension of the analysis was to evaluate the Cumulative wind erosion was consistently greater impact of producer risk attitudes on crop mix deciunder the farm program scenario since the optimal sions and wind erosion implications. Unlike the crop mix was primarily dryland continuous cotton.
risk-neutral scenario, risk-averse producers adjusted Average annual wind erosion from a dryland conboth crop mix and acres planted. The optimal crop tinuous cotton system was estimated at 11.6 tons per mix under the farm program case was composed of acre. By contrast, average annual wind erosion from various combinations of irrigated and dryland cona continuous dryland wheat system was estimated at tinuous cotton. The optimal crop mix for the flexible 1.87 tons per acre. This result supports an earlier base alternative was a combination of a dryland finding by Hoag and Young that commodity procotton-wheat-sorghum rotation and an irrigated cotgrams encourage the production of highly erosive ton-wheat rotation. A comparison of the farm-procrops to maintain base acreage.
gram case relative to the flexible-base option Displayed in Figure 3 are the present value of net revealed a 40 percent reduction in acres planted returns for each six years under a six-and nine-ton across all iterations. per acre soil loss limit, assuming farm program Illustrated in Figure 4 are the per-acre wind erosion participation and the flexible base option. Given a rates associated with the optimal crop mix by risksix-ton limit, the present value of net returns deaversion level assuming farm program participation dined by $360,000 or 67 percent within the first six over 48 years. The term RN refers to risk neutral, years for the farm program participant compared to SRA represents slightly risk averse, MRA refers to the unrestricted soil loss case. Under this type of moderately risk averse, and ERA represents an exrestriction, a risk-neutral producer would have an tremely risk averse case. In almost all cases, increas-208 with greater levels of per-acre soil loss. The difference in results from these studies could be based on cton erage eroion o conous cotton. Average annual wind erosion from condifferences in the measurement of erosion (i.e., ous dryland cotton was estimated at two to six tinuous dryland cotton was estimated at two to six U.S.L.E. versus wind erosion), crop production altematives, or explicit considerations of farm proposition of a six-or ine-ton per acre per year '.a ^ oin. Imposition of a six-or nine-ton per acre per year gram provisions.
soil loss limit reduced farm income. The largest SUMMARY reduction would occur for the farm program particiThe Texas High Plains has evolved into a highly pant. This reduction was caused by compliance with productive agricultural region based largely on the crop base-acreage restrictions which limit the adopdevelopment or irrigation supported by the Ogallala tion of profitable multi-year/multi-crop production Aquifer. Because recharge rates are low relative to systems. With strict enforcement of base-acreage requirements, a producer would be better off by not beepecedtosumping rof theaer can participating in the farm program with these types of be expected to increase pumping cost thereby diminerosion limits. This raises a serious question as to .shing irrigted cop pi . Aerosion limits. This raises a serious question as to ishing irrigated crop profitability. As more acres whether conservation comliance will be effective revert to dryland, the incidence of wind erosion can be expected to increase. in promoting consistency between soil conservation be expected to increase.
Farm program participation substantially inprograms and commodity programs. One farm procreased discounted net returns in each six-year pegram option that would allow producers to obtain od above nonparticipation. This result is not farm program benefits while complying with soil ... rid abve nonp n artcpio. This result is not n conservation standards is a flexible base provision. surprising given current farm program participation Under flexible base, cropping systems such as cotrates in excess of 90 percent. Resource implications tonan cottonheatsoghum o from farm program participation implies a greater co replace onocu co tton and provide su .frc .in could r e place monoculture cotton and provide sublevel of wind erosion relative to nonparticipation. a wneoon si .gra.m . .~stantial wind-erosion control. Farm program participation coupled with base-acre-
